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   :الخلاصة
أ  –ترای ز –اثی ل امین و اثی ل  ان الشكل الدائري المثالي للكبسولات المصغرة لم ادة ال راتنج المتب ادل الای ون المس مى داي    

قد استخدمت مسبقا بنجاح لتحقیق غلق میكانیكي للاوعیة الدمویة ولاول مرة ومن خلال ھذا البح ث ت م )   DEAE( كریل 
واظھ رت دراس ة ال ذوبان أن تح رر ال دواء %  3.28وبنس بة  DEAEأمدصاص مادة الدكلوفیناك صودیوم على كبسولات 

ت المحمل ة  وھ ذا ق د ی ؤدي ال ى نق ص س ریع بالجرع ة الدوائی ة قب ل وص ول ھ ذه الكبس ولات كان سریعا م ن ھ ذه الكبس ولا
المحملة بالدواء الى جھة الھدف ولذلك تم أیضا في ھذه الدراسة تغلی ف ھ ذه الكبس ولات المحمل ة بال دواء بواس طة الب ولمر 

PLGA الب ولمر المس تخدم ف ي التغلی ف ی ؤدي ال ى  وباستخدام طریقتین مختلفتین للتغلیف واظھرت النتائج ان زیادة نس بة
وق د بین ت . تباطؤ اكثر في تحررالدواء من خلال تاثیره على نسبة المحور الى الغلاف وك ذلك ت أثیره عل ى میكانیكی ة التح رر

للتغلیف بواسطة طریقة المستحلب تعطي كبسولات مصغرة ذات شكل دائ ري من تظم   PLGA%  60الدراسة ان استخدام 
ىء منتظم للدواء وھذا مما یجعل ھذه الصیغة التركیبیة یمكن ان تحضر على شكل محلول زرق لك ي ی زرق بش كل وتحرر بط

مباشر في المكان المطل وب وب ذلك یق دم البح ث نظ ام نق ل دوائ ي جدی د لم اده ال دكلوفیناك وك ذلك اس تخدام جدی د لل دواء ف ي 
 . ل مضاد للالتھابات لعمل انسدادات علاجیة في الاوردهالستراتیجیة الجدیدة الواعدة باستخدام جسیمات لھا مفعو

 
 
 
 
Abstract 
       The perfectly spherical microspheres of the ion- exchange resins diethylaminoethyl – 
trisacryl (DEAE) had been successfully used for achieving mechanical occlusion of 
vascular lumen. In this study; diclofenac sodium is reversibly adsorbed onto DEAE 
microspheres (28.3 g drug / 100 g of microspheres). The dissolution profile showed rapid 
release of the drug from the loaded microspheres, and since this may lead to dramatic 
decrease in the drug before the microspheres. reaches the targeted site, therefore, 
microencapsulation of the drug loaded DEAE microspheres is carried out for the first 
time  in this study using PLGA as a coating polymer and applying two different methods 
of microencapsulation. The results showed that increasing the amount of PLGA lead to 
more retardation in the release of the drug through  affecting core : coat ratio and the 
mechanism of drug release. It is also found that applying emulsification / solvent  
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evaporation method with  60% w/w PLGA gave regular retarded release microcapsules 
with better sphericity, which  may be easily injected by a catheter at the required site and 
offers a new drug delivery system and new application for diclofenac sodium in the 
promising strategy of using embolization particles with anti – inflammatory activity. 
 

 
Introduction 
 
         Ion exchange resins have occupied an important place in the development of novel 
drug delivery system for their better drug – retaining properties, prevention of dose 
dumping and more uniform release of drug than simple matrices (1,2,3). Microspheres of 
the resins have been used with success for mechanical occlusion of vascular lumen 
(embolization) to treat different types of tumors in different organs (4,5). The efficacy of 
therapeutic embolization is based on keeping the embolic region away from blood 
circulation, however, inflammation caused by the occluding materials had been identified 
as a major enhancer of revascularization of the occluded vascular lumen (5). Therefore, 
embolization particles provided anti- lammatory activity should be a promising strategy 
(6). Microencapslation of the ion exchange resin microspheres containing the drug 
provides better control release due to the presence of rate- controlling membrane than the 
uncoated microspheres (3). Diethylaminoethyl (DEAE) trisacryl LS is the ion- exchange 
resin microspheres used in this study for their specific characteristic properties  in 
embolization therapy (7,8) and diclofenac sodium is selected for the nature of its ionizable 
charge and for its potential effective action as a non-steroidal anti- inflammatory drug 
widely used in the long term therapy of chronic inflammatory conditions, and prevention 
of post-embolization revascularization (9,10). The aim of this study is to successed in 
loading diclofenac sodium on the ion- exchanger (DEAE), and studying its release profile, 
in addition to modifying the release through coating the drug loaded microspheres with 
PLGA applying different methods of encapsulation. This work may offer a new drug 
delivery system for diclofenac sodium ( to be injected by a catheter ) and new application 
of the drug in the promising strategy of using embolization particles with anti-
inflammatory activity. 
 
 
Materials and Methods 
Materials  
    
The following chemicals were used as received: 
 
   Dichloromethan (Merck, Darmstad, Germany), silicon oil (Dow croning 556, cosmetic 
grade, Seneffe, Belgium), Diethylaminoethyl (DEAE)  Trisacryl LS microspheres 
(BioSepra s.a., France), Poly (d,l – lactide – co- glycolide) PLGA (50:50, m.wt. 56,500, 
Boehringer, Ingelheim, Germany), diclofenac sodium ( m.wt. 318.1), n- hexane and 
methanol (Fisher Scientific UK Limited, U.K.). 
 
Methods 
 
1-Loading  of DEAE microspheres with the drug :- 
1% w/v of diclofenac sodium solution was prepared by dissolving 1 gm of the drug in  
100 ml of distilled water, 3g of DEAE Trisacrly LS  microspheres powder of 80 –  
 



  

104

160 nm diameter with a mean diameter of 120 nm was added and magnetically stirred  
for 60 minutes, filtered by Millipore filter (41 µm ) (6) , and the absorbance of the  
filtrate was measured by U.V.  at  275  nm for diclofenac sodium. 
 
2-Microencapsulation of DEAE microspheres containing diclofenac sodium:- 
Two methods were used to prepare microcapsules. 
 
A-Coacervation phase separation method:- 
 50 mg of the microspheres containing drug  were dispersed in solutions containing 10%, 
25% ,30% and 50% w/w PLGA dissolved in dichloromethan.  The dispersion was stirred 
at 200 r.p.m. at room temperature and  silicon oil was added with flow rate 0.3 ml/ min to 
the above dispersions with continuous stirring until phase separation occured. The 
prepared microparticles were filtered,  dispersed in n-hexane  and  dried. Then washed 
with  distilled water,  filtered using millipore filter (41 µm), congealed and lyophilized 
(11,12). 
 
B-Emulsification / solvent evaporation method : 
In this method two phases were prepared; the organic and aqueous phases; The organic 
phase composed of solutions containing 20%, 50%,60% and 80% w/w PLGA dissolved in 
dichloromethan. To each one of above  solutions 50 mg of the microspheres containing 
drug was added.  The aqueous phase composed of mixture of 200 ml water, 1.5 ml 
polyvinyl alcohol and 10 ml methanol. The two phases  were mixed together and 
evaporated under reduced pressure until microcapsules were obtained. These 
microcapsules dispersed in n- hexane and dried. Then washed with distilled water , 
filtered using millipore filter (41 µm) and lyophilized (13). 
 
 
3-Microscopical evaluation : 
The morphology of the prepared microcapsules was examined by optical microscope 
(Nikon microscope, Nikon Corporation Instruments Division, Yokohama Plant). 
 
4-In vitro release of the drug : 
The release of  diclofenac sodium from the drug loaded DEAE microspheres and the 
microcapsules (which are prepared by coating the drug loaded microspheres with                                               
different percentages of PLGA), was determined in saline buffer  solution at 37C and 50 
r.p.m. using dissolution tester with UV/VIS spectrophotometer lambda 40 (Perkin-Elmer 
spectrophotometer). The release was followed in the salin buffer pH 7.4  at 275 nm U.V 
light (11). 

 
Result and Discussion 

 
 Microspheres of diethyl amino ethyl trisacryl LS (DEAE microspheres ) are powder of  
80-160 nm diameter with a mean diameter of 120 nm. DEAE is ion- exchanger of cationic 
acrylic derivatives. The ionizable groups are mixture of weak tertiary amines and strong 
quaternary amines (6). Diclofenac  has negative charge ,therefore, it is adsorbed onto 
DEAE microspheres. In this study it is found that 0.65 g  of the added drug is adsorbed on 
3 g of DEAE microspheres (28.3% w/w) means that each 100g of the microspheres 
containing 28.3 g diclofenac sodium  and this is calculated by measuring the amount of 
the drug remained un adsorbed in the filtrate using UV spectrophotometer according to 
batch technology (6). The results also showed  that 65.7 % w/w of the total amount of the 
drug is used in the adsorption process, and this indicates that some of the charged group 
on DEAE are not available for exchange with the drug due to steric hindrance effect. It  
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can be concluded that the DEAE are the most suitable microspheres for binding of  
diclofenac sodium as it exhibits a high binding capacity. Studying  the release of 
diclofenac sodium from DEAE microspheres containing drug showed very rapid release ( 
fig .1) (within 1-5 minutes) , and such a release profile  may lead to dramatic release of the 
drug before the microspheres reach the targeted site. Therefore, microencapsulation 
(coating) of the DEAE microspheres containing drug  was carried out in this study using 
PLGA as the coating polymer since it is biocompatible and biodegradable polymer 
(15,16), and it had been widely used  as release controlling  material (17,18).  
     Two methods were applied for microencapsulation in this study; coacervation / phase 
separation and emulsification / solvent evaporation method. In the first method, the 
DEAE microspheres containing drug were coated with 10%,25%,30% and 50% PLGA, 
the efficiency of microencapsulation was very low at PLGA ratio higher than 50%., and 
this could be attributed to a mismatching of the water-coacervate and water-supernatant 
interfacial tension (11,19) . In the emulsification  /solvent evaporation method, it was 
possible to use higher percentages of the coating material (20%,50%,60% and 80% w/w) 
since there is no phase separation (13) and it gave high encapsulation efficiency. 
       Fig. (2) shows the shape of DEAE microspheres  alone, in addition to microcapsules of  
DEAE microspheres  containing drug prepared by the two microencapsulation methods,  
and it appears that DEAE microspheres. are round and spherical in shape while coated 
microspheres  showed thickening on the surface due to drug adsorption. The 
microcapsules of the drug loaded microspheres prepared by emulsification / solvent 
evaporation method were spherical in shape, reproducible and well separated with an 
average diameter of 57 µm  while microcapsules prepared by coacervation method, their 
shape and the outer surface were not easily to be controlled with diameter of 71 µm  
because the process of  microencapsulation is frequently impaired by the residual solvent 
and coacervating agent (11). Therefore, this study recommended to use the emulsification 
method for microencapsulation of DEAE microspheres  containing drug since it is well 
suited for producing microcapsules in low size rang and better sphericity which are 
important requirements for dosage form  to be  injected through microcatheter. The 
comparative study of the release of diclofenac sodium from the coated drug loaded 
microspheres prepared by the two methods ( Fig. 3 and 4) showed that the release of the 
drug decreased  as the amount of PLGA increased since it affects core : coat ratio (20) as 
well as the mechanism of  drug release where erosion could be the major mechanism for 
microcapsules with low percentages of PLGA while diffusion might be the main 
mechanism for the slow release of drug from microcapsules with high percentages of 
PLGA using both methods (21,22). However, it was found in this study that microcapsules 
with 60% w/w PLGA prepared by emulsification / solvent evaporation method gave more 
regular retarted release and better spherical shape with low diameter (57 µm), therefore 
it is suggested to be used for formulation of injectable dosage form.  As a conclusion, ion-
exchange resin DEAE microspheres can be used successfully to prepare a new drug 
delivery system for diclofenac sodium with high efficiency  and fast 
release.Microencapsulation of the drug  loaded  DEAE microspheres  with PLGA as a 
coating polymer retarded the release of the drug and offered a new drug delivery system  
that can be injected by a catheter to induce  embolization as well as reduces the 
accompanied pain and revascularization. 
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Fig. 1. Release of diclofenac sodium from uncoated drug loaded microspheres. 

 
 

                         
 

         
      A          B           C 

Fig. 2. Microscopical evaluation. A. Unloaded (DEAE) microspheres, B. Microcapsules of 
drug loaded microspheres (by coacervation method), C. Microcapsules of drug 
loaded microspheres (by emulsification method).
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Fig. 3. Release of diclofenac sodium from microcapsules of drug loaded microspheres 

prepared by coacervation method. 
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Fig.4. Release of diclofenac sodium from microcapsules of drug loaded microspheres  
prepared by emulsification / solvent evaporation method. 

 


